Abstract The aims of the study were to describe course of depression in both mothers and fathers from the third trimester of pregnancy through 6 months postpartum and to examine the relationship between maternal and paternal depression. Hypotheses were as follows: (a) Depressive symptoms would be correlated between parents and (b) earlier depressive symptoms in one parent would predict later increases in depression in the other. Eighty cohabitating primiparous couples were recruited from prenatal OBGYN visits and community agencies and enrolled during pregnancy, between 28-week gestation and delivery. Participants completed measures of depression on four occasions: baseline and 1, 3, and 6 months postpartum. Ninety-eight percent of the enrolled couples (78; 156 individuals) completed the study. For both mothers and fathers, symptom severity ratings and classification as a probable case were stable across time, with prenatal depression persisting through 6 months in 75 % of mothers and 86 % of fathers. Prenatal depression in fathers predicted worsening depressive symptom severity in mothers across the first six postpartum months but not vice versa. In both expecting/ new mothers and fathers, depression demonstrates a stable pattern of occurrence and symptom severity between 28-month gestation and 6 months postpartum. Although prenatal maternal depression is not predictive of symptom change in fathers, mothers with prenatally depressed partners showed significant worsening in overall symptom severity during the first six postpartum months.
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Keywords Depression . Family . Fathers . Perinatal depression Maternal perinatal depression affects about 14 % of women . Its risk factors and child developmental consequences have been well documented (Beardslee et al. 1998; Bennett et al. 2004; Gotlib et al. 1989) . A complementary focus on depression in expecting and new fathers has only more recently taken shape. This emerging literature suggests that elevated depressive risk is also a problem for expecting and new fathers (Paulson and Bazemore 2010) . Moreover, much like the literature on maternal depression, evidence regarding paternal depression points to increases in risks for the child, both in terms of relative impairments in parenting (Davis et al. 2011; Paulson et al. 2009 ) and long-term functioning in children (Ramchandani et al. 2008) . Chronic maternal depression adds to the risk for poor outcomes in children, families, and long-term maternal mental health (Brennan et al. 2000) . With the current knowledge base on paternal perinatal depression being at an early developmental stage, very little is understood regarding its course and chronicity.
A recent meta-analysis of paternal depression found that 100 % of articles that reported on the correlation between maternal and paternal depression found elevated depressive symptomatology in one partner to be significantly associated with corresponding increases in the other's (Paulson and Bazemore 2010) . Although these findings characterize one partner's depression as a significant risk for the other's, the direction of this effect across pregnancy and the postpartum year remains unexplored.
Longitudinal studies of maternal depression indicate that the rate of maternal depression is higher during pregnancy than during the postpartum period and that the majority of cases of postpartum depression are preceded by depression during pregnancy (Bowen et al. 2012; Heron et al. 2004; Lee and Chung 2007) . It is unclear whether the intra-individual course of maternal depression tends to fluctuate or remain relatively stable throughout the perinatal period (Heron et al. 2004; ). Furthermore, the risk for depression remains elevated throughout the first postpartum year Monti et al. 2008) . Although maternal postpartum depression is often relatively short-lived, for many women, depression can become prolonged or chronic, especially if there is a history of major depression (Cooper and Murray 1995; Goodman 2004; Horowitz and Goodman 2004) .
Fewer studies have examined paternal depression during this period, and longitudinal data on this topic are sparse (Paulson and Bazemore 2010) . Two studies suggest that the prevalence of paternal depression decreases shortly after the birth of a baby and then gradually increases over the child's first year (Cox 2005; Matthey et al. 2000) , whereas other studies show paternal depressive symptoms to be relatively stable throughout the perinatal period (Deater-Deckard et al. 1998; Raskin et al. 1990 ). Our review identified no studies that document the longitudinal interrelationship between maternal and paternal depression.
At present, our understanding of course and chronicity of maternal depression from pregnancy to postpartum is incomplete. Because parallel information on the presence and course of paternal chronicity is unavailable, it has not been established how one parent's depression may influence the other's. In this article, we aim to describe the course and interrelationship of depression in both mothers and fathers from the third trimester of pregnancy through 6 months postpartum. We focus on firsttime parents in order to characterize course in the absence of family size, ages of other children, or other complicating factors. Our hypotheses were that (a) depressive severity at any time point would be correlated between parents and (b) more severe prenatal symptomatology in one parent would predict the same in the other in the first six postpartum months.
Materials and methods
We recruited 80 male-female pairs from local OBGYN practices, childbirth preparation courses, and electronic announcements posted in a variety of other community forums. All participants enrolled in the study during the mother's third trimester of pregnancy (28 weeks to term). Only participants expecting their first child together were included (all mothers were nulliparous, but some fathers had biological children living elsewhere). Participants with a history of major mental illness (bipolar disorder or a psychotic disorder), those who were expecting to leave the area during the study, and those unable to complete paper and pencil questionnaires in English were excluded. Of an initial pool of 120 interested couples, 83 were eligible and 80 ultimately enrolled in the study (96 % enrollment rate). All participants were followed at four study visits occurring at (1) pregnancy, between 28-week gestation and birth; (2) 1 month postpartum; (3) 3 months postpartum; and (4) 6 months postpartum. Visits 1, 3, and 4 were in-person and conducted in participants' homes or our laboratory (selected based on participants' preference) and visit 2 was conducted via telephone for participants' convenience. During each visit, participants completed several questionnaires, interviews, and family activities, the relevant instruments being described below. Informed consent and all other study procedures were approved and overseen by the Institutional Review Boards at Eastern Virginia Medical School and Old Dominion University.
The Center for Epidemiologic Studies Depression Scale (CES-D) is a 20-item, four-point Likert-type scale, selfreport questionnaire intended to measure depressive symptomatology in non-clinical populations. Respondents are asked to rate how often during the past week they experienced the 20 symptoms listed. The CES-D is a reliable (α = .85) and valid tool that has been used extensively in past research (Radloff 1977) . Further, the CES-D permits measurement convergence between general and population-specific depression measures. In this study, we report on both depressive severity, as measured by the total CES-D score, and probable depression caseness, defined by the common threshold of scores ≥16.
The Edinburgh Postnatal Depression Scale (EPDS) is a self-report ten-item tool that has been used extensively in the past to assist in the identification of women who may be suffering from prepartum or postpartum depression (Cox et al. 1987) , and in new and expecting fathers (Madsen and Juhl 2007; Perren et al. 2005; Ramchandani et al. 2005) . Item analysis of the EPDS in fathers has found lower rates of endorsement on items but suggests that it corresponds well to diagnostic interview-based assessment when slightly lower cutoffs are used (Matthey et al. 2001) . The EPDS places greater emphasis on cognitive and affective symptoms of depression while de-emphasizing somatic symptoms-beneficial in pregnancy and postpartum when fatigue and other somatic symptoms are common and unreliable indicators of depression. Across validation studies of the EPDS, reliability is consistently high (α > .80). In women, major depression cutoffs have yielded a specificity of 92.5 % and a positive predictive value of 56.8 % (Carothers and Murray 1990) . One study using the EPDS in fathers found that a cutoff of ≥10 yields a specificity of 93.8 % and a positive predictive value of 29.4 % (Matthey et al. 2001) . In this study, we report on both depressive severity, as measured by the total EPDS score, as well as using case identification cutoffs in the EPDS, defined in mothers by scores ≥12 and in fathers by scores of ≥10. Because the EPDS includes an item that assesses self-harm ideation, we put a screening and referral protocol in place for all participants, which was utilized for two mothers at the 6-month visit. Because data collection had concluded for these families at the time they were screened, no adjustments or additional analyses were conducted for their cases.
Two scales (rather than one) were selected to measure depression because the EPDS, although beneficial because of its exclusion of physical symptoms of depression, remains a novel instrument for assessing depression among expecting and new fathers. As such, the inclusion of the CES-D permits measurement convergence between general and populationspecific depression measures.
To ensure a range of depressive symptom presentations, participants were recruited from depression strata (determined by probable caseness on either the EPDS or CES-D): (a) neither screened positive, (b) father only screened positive, (c) mother only screened positive, and (d) both screened positive. Although the study obtained greater number of participants in group a (n = 28) and smaller numbers for groups b (n = 18), c (n = 16), and d (n = 18), this scheme, while producing inflated point estimates of depression at baseline, still allows us to examine longitudinal course of depression. Moreover, the overrepresentation of depressed individuals is advantageous in terms of understanding how these symptoms and related experiences change across late pregnancy and in early parenthood.
Results

Recruitment and retention
Of the 80 mother-father pairs who enrolled in the study, two families were lost to follow-up by 6 months postpartum (97.5 % retention). Our sample self-reported as primarily White (similar to the region) with a modal education level of Bsome college^or an Associate's degree. Most (82 % fathers, 62 % mothers) were employed full time and about 12 % were full-time students. Median household income was $50, 001-$75,000. Most couples (87 %) were married and 72 % of pregnancies were planned. See Table 1 .
Rates of depression over time in the full sample
The CES-D and EPDS were used together to classify depressive caseness, which was coded as present if a participant scored above the threshold on either measure at a given time point. As expected, due to the oversampling of couples who reported elevated depression at screening, higher rates of depression (20.5 % of fathers and 32.1 % of mothers) were observed in both mothers and fathers in the prenatal period. At 1 month postpartum, both parents demonstrated a decrease in depression when compared to prenatal rates (fathers, Δ = −24.3 %; mothers, Δ = −15.4 %). Maternal rates of depression continued to decline at 3 and 6 months, whereas paternal rates increased by 7.6 % by 3 months and remained stable. See Table 2 .
Depressive symptomatology over time in the full sample Average depressive symptom severity also declined in a roughly linear fashion, with patterns of symptom severity decline being similar for mothers and fathers. See Fig. 1 .
Persistence and remission of depression
Among the 24 mothers who were defined as depression cases in the third trimester visit, 18 (75 %) continued to meet case definition criteria by 6 months postpartum. Similarly, most cases identified at 1 month postpartum and 3 months postpartum continued to meet criteria by 6 months (79 and 86 %, respectively). Of the 24 mothers who were depressed at the thirrd trimester visit, 17 (71 %) were classified as depressed at all three subsequent visits, whereas none of the mothers who were not depressed prenatally showed this pattern of postpartum chronicity.
Among the 14 fathers who were defined as depression cases in the third trimester visit, 12 (86 %) met case definition criteria at 6 months postpartum. Similarly, most cases identified at 1 month postpartum and 3 months postpartum continued to meet criteria by 6 months (85 and 86 %, respectively). Similar to mothers, 11 of the 14 (79 %) fathers who were depressed at the prenatal visit were classified as depressed at all subsequent visits. See Table 3 .
Stability of depressive symptomatology
Depressive symptom severity was relatively stable within both mothers and fathers across time, with stability coefficients (measured by Pearson product-moment correlation) that ranged from .70 to .43 in mothers and .75 to .53 in fathers. As expected, correlations between measures of depression taken at more distant time points were significant but somewhat smaller in value. See Table 4 .
Associations between partners' depressive symptom severity
Repeated measures analysis of variance was used to examine how each parent's prenatal depression predicted the other's level and course of postpartum depressive symptom severity. Because depressive symptoms and depression status were observed to be relatively stable within each individual, baseline depressive symptom severity was statistically controlled in order to assess the incremental influence of the other partner's depression. These analyses also controlled for maternal and paternal income, which was highly correlated with education, 
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race, and employment status (omitted from the model because of colinearity).
Father's prenatal depressive status was associated with a significantly altered course of maternal postpartum depressive symptoms when measured by both the CES-D (F(2,70) = 3.57, p = .033, partial η 2 = .093) and the EPDS (F(2,68) = 3.90, p = .025, partial η 2 = .103). With each of these metrics, maternal depressive severity demonstrated a worsening postpartum pattern when fathers were depressed prenatally, whereas maternal depression showed improvement when fathers were not depressed prenatally. Binary logistic regression showed that mothers with prenatally depressed partners were 4.2 times more likely to have worsened depressive symptoms at 6 months than were those with prenatally nondepressed partners (odds ratio (OR) = 4.16, 95 % confidence interval (95%CI) = (1.06, 16.32), p = .041).
In contrast, mother's prenatal depression status did not predict the course or level of postpartum paternal depression, as measured by the CES-D (CES-D (F(2,69) = 0.14, p = .873, partial η 2 = .004) or the EPDS (F(2,67) = 0.05, p = .951, partial η 2 = .002). Logistic regression also found no association between prenatal maternal depression and overall change of symptoms in fathers (OR = 1.25, 95%CI = (0.48, 3.28), p = .650). See Fig. 2 .
Discussion
Perinatal depression in mothers has long been understood to be prevalent and deleterious to the developing child and the young family (Beardslee et al. 1998 ). Recent evidence suggests that paternal depression poses similar risks for children (Ramchandani et al. 2008 ) and may be linked to maternal Fig. 1 Depressive symptom severity from third trimester to 6 months postpartum depression (Paulson and Bazemore 2010) . This study uses a cohort of mother-father pairs, followed from pregnancy to six months postpartum. It is the first study of its kind to use parallel measurement of depression in both parents at multiple time points, spaced closely enough to roughly characterize both parents' course of symptoms during pregnancy and early infancy. In addition to providing information on depressive course, the parallel measurement in both parents was used to examine the interaction between paternal and maternal depression across this time period, information that may be important for screening, prevention, and treatment. Due to our oversampling strategy, baseline depression rates were high in both mothers (32.1 %) and fathers (20.5 %) when compared to national estimates (mothers, 14 %; fathers, 10 %) Paulson and Bazemore 2010) . Our analysis indicates that, although depressive symptom severity declined somewhat from the prenatal measurement to 6 months postpartum, both symptom severity and rates of depression were quite stable. Among mothers who were depressed in the third trimester, 75 % continued to be depressed by 6 months postpartum with only 14 % of cases that were initially nondepressed meeting case definition criteria at any of the three postpartum time points. Fathers showed a similar stability, with 86 % of prenatally depressed cases continuing to meet case definition criteria at all three postpartum time points. These findings are consistent with prior literature that suggests symptom stability from late pregnancy through the first postpartum year (Moss et al. 2009 ) among women. This is the first study to identify a similar pattern among fathers during this same time period.
Prenatal depression in fathers was a significant predictor of change in maternal depression across the postpartum period; Rows represent the proportions of participants defined as depression cases at a reference time point (left row heading) who continue to meet case criteria at each subsequent period. Depression cases are defined as a score above threshold on the EPDS and/or the CES-D mothers with prenatally depressed partners showed worsening depressive symptoms whereas mothers with prenatally nondepressed partners showed an improving symptom course. In terms of the predictive value of prenatal paternal depression, it is noteworthy that mothers whose partners were depressed were more than four times more likely to have worsened symptoms by 6 months postpartum. Prior studies have suggested a role of cumulative psychosocial stressors, including financial distress and poor social support, in predicting maintained or worsening depressive symptoms postpartum (Klier et al. 2008) . Our current findings suggest that early paternal depression incrementally increases the risk for continued or worsened maternal depressive symptoms through 6 months postpartum. Although a number of authors have suggested that maternal depression is the likely causal factor in its observed correlation with paternal depression (Dudley et al. 2001; Schumacher et al. 2008) , our findings suggest the opposite. We found that earlier maternal depression did not predict changes in paternal depressive symptoms over time. Although our data do not explain why maternal depression was affected by earlier paternal depression but not vice versa, most of our study mothers remained at home with their newborns for longer periods of time than did the fathers, who most often returned to work soon after the birth. Fathers' easier access to a greater breadth of social contacts may have buffered them from these effects.
In terms of strengths, the current study utilized a prospective design that included parallel measurement in mothers and fathers. Because of the relatively close timing of study visits, we were able to characterize trends in maternal and paternal depression over the short but often unstable time during which expecting parents transition and adjust to new parenthood. This timing is also advantageous in terms of intervention and prevention, as expecting and new parents attend frequent medical visits and may be uniquely attuned to efforts that originate in these settings. Important in this context was our notably low attrition rate (2 %), which is often a source of bias in similar studies. Furthermore, the measures used to assess depression are both well accepted in terms of reliability and validity and widely used in medical practices, underscoring the generalizability of study findings.
Some limitations of our study should be acknowledged. Our design included an oversampling of couples in which at least one partner was experiencing elevated prenatal depression. For this reason, reported depression rates are overestimates of the underlying population from which participants were selected. Furthermore, participants were not randomly sampled from the population and the final sample was disproportionately white, married, and more educated. This may limit the generalizability of our findings. Importantly, the classification of depression into probable cases versus non-cases was done via symptom questionnaire rather than clinical diagnosis. Although this method of case identification is closely parallel (Vredenburg et al. 1993) , it remains a proxy for clinical diagnosis.
Our findings have several implications that should be considered for practical or clinical application. Principally, paternal depressive symptoms are consistently correlated with maternal symptoms and the presence of significant paternal symptoms during late pregnancy is a clear predictor of a poorer maternal course. In addition to conducting screenings, which the American College of Obstetricians and Gynecologists suggests may greatly benefit mothers and their families (American College of Obstetricians and Gynecologists 2010), healthcare providers working with pregnant women and new mothers should also make efforts to include fathers in health assessments. This may be important for both for the improvement of overall early family health and for the welfare of the mother, who may struggle with increased depressive symptoms themselves when their partners are also depressed. Although the literature on timing of screening for perinatal depression in fathers is poorly developed, some evidence suggests that depression timing may be parallel to maternal depression. Future studies examining maternal or paternal depression should include measures of both partners, as the present findings affirm a growing body of evidence showing the correlation between partners' depressive symptoms (Paulson and Bazemore 2010) . At present, despite the documentation of various ways in which maternal and paternal depressive symptoms are associated with one another, relatively little work has been done to explore the mechanisms through which these are associated. Identifying family interactions or examining models of cumulative family stress will be a next important step in this research that may identify points of leverage around which interventions might be designed.
